Patient selection and data retrieval have been described elsewhere. 5 Briefly, all patients referred to our hypertension referral center and newly diagnosed with PA between January 1, 2001, and December 31, 2006, were included. Patients with excess mineralocorticoid were identified from an electronic health record database established in 1975 and based on standardized questionnaires completed prospectively by the physician for each patient referred to our unit.
P rimary aldosteronism (PA) is the most frequent endocrine cause of secondary hypertension, affecting ≈10% of patients referred to specialized clinics. 1 It is characterized by autonomous aldosterone secretion, resulting in hypokalemia, sodium reabsorption, and fluid retention. In addition to these well-known effects, there is compelling evidence to suggest that prolonged exposure to high aldosterone concentrations has a deleterious effect on cardiovascular tissues and is associated with target organ damage, independently of blood pressure (BP). [2] [3] [4] Previous studies have been limited by small sample sizes and potential confounders not accounted for in the study design or analysis.
The aim of this study was to compare the prevalence of cardiovascular events in a large group of current patients with PA and suitably matched controls with essential hypertension (EH) to confirm the adverse cardiovascular effects of PA.
Baseline clinical, biochemical, and imaging data obtained at the first diagnostic analysis within the hospital were extracted from the hospital database and used for analysis. Missing data were collected manually from medical charts by 2 investigators (S.S. and O.S.).
Biochemical Methods
Hormonal assessment was conducted as previously reported. 5, [7] [8] [9] Renin and aldosterone determinations were performed after the withdrawal of antihypertensive drugs that might interfere with the results and with oral potassium supplementation if plasma potassium was <3.5 mmol/L. Plasma and urinary aldosterone concentrations were determined by radioimmunoassay (Coat-A-Count; Siemens Medical Solutions Diagnostics, Saint-Denis, France); the 24-hour urinary excretion of aldosterone was determined as the sum of free aldosterone and aldosterone from the hydrolysis of aldosterone 18-glucuronide at pH 1.0. Plasma active renin concentration was determined by chemiluminescence immunoassay (LIAISON; Diasorin, Antony, France). Plasma and urinary potassium concentrations were determined by indirect potentiometry (Unicel DxC 800 system; Beckman Coulter, Villepinte, France). In patients with a family history of hypertension, genetic tests were performed to exclude glucocorticoid-remediable aldosteronism. All other biochemical variables were assayed in plasma or serum by standard methods. Estimated glomerular filtration rate was calculated with the modification of diet in renal disease formula.
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Diagnostic Criteria and Patient Classification
Diagnosis of PA
PA was diagnosed if the ARR obtained in standardized conditions was >64 pmol/mIU (3.6 ng/ng) on 2 occasions and if plasma aldosterone concentration was >550 pmol/L (20 ng/dL) in the standing or sitting position or >500 pmol/L (18 ng/dL) in the supine position or urinary aldosterone excretion was >63 nmol/d (23 μg/d). For ARR calculation, active renin concentrations <5 mIU/L (3 ng/L) were set to 5 mIU/L to prevent ARR overestimation when active renin was undetectable or present at very low concentrations. The distribution of patients according to adrenal venous sampling and computed tomography results has been reported elsewhere and subsequently updated. 5, 9 The outcome of surgery in operated patients has also been reported elsewhere.
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BP measurements
Three BP measurements were obtained in the sitting position, with a validated semiautomatic manometer (Omron 705CP), leaving a 5-minute rest period between measurements. Office BP was determined by calculating the mean of the second and third measurements, as described previously.
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Definition of Left Ventricular Hypertrophy
Twelve-lead ECG recordings were taken with 25 mm/s and 0.1 mV/ mm standardization, as part of the initial evaluation, and were used to determine the prevalence of left ventricular hypertrophy (LVH) on the basis of electric criteria. The cutoff point was 35 mm for the SokolowLyon index (RV 5 or RV 6 +SV 1 )
13,14 and 28 mm in men and 20 mm in women for the sex-specific Cornell voltage index (RaVL+SV 3 ), values greater than these thresholds indicating the presence of LVH. 14, 15 Two-dimensional echocardiography was performed in most patients as part of the initial evaluation. Left ventricular mass (LVM) was determined from M-mode recordings and indexed either to body surface area (g/m 2 ) or height to the power of 2.7 (g/m 2.7
). 16 Echographic LVH was defined as an LVM index >115 g/m 2 in men or >95 g/m 2 in women 16 after normalization with respect to body surface area and as an LVM index >50 g/m 2.7 in men or >47 g/m 2.7 in women 17 after normalization with respect to height.
2.7 LVH was described as concentric if relative wall thickness was >0.42, and eccentric otherwise.
Definition of Cardiovascular Events
The patients' history of cardiovascular events (as reported by the patient or the referring physician) at the time of the first visit to our center (before PA diagnosis) was collected and stored in the database. All reported cardiovascular events-atrial fibrillation (AF), nonfatal myocardial infarction (MI), coronary artery disease, or heart failure-in cases or controls were validated through medical chart review by a single investigator (S.S.).
Atrial Fibrillation
AF diagnosis was based on current or previously documented typical supraventricular arrhythmia on ECG, characterized by the replacement of consistent P waves by rapid oscillations or fibrillatory waves associated with an irregular ventricular response.
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Myocardial Infarction
Prior nonfatal MI was defined as a positive medical history and presence of pathological Q waves (≥0.03 seconds and ≥1 mm deep) for contiguous ECG leads and imaging evidence (echocardiography, MRI, or myocardial perfusion scintigraphy) of a regional loss of viable myocardium as a result of myocardial thinning and a failure to contract.
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Coronary Artery Disease
Coronary artery disease was considered to be present in patients with a positive medical history of angina or MI (previously defined) with objectively recorded ischemia on myocardial perfusion scintigraphy or >50% coronary stenosis on coronary angiography, with or without prior treatment by percutaneous angioplasty or bypass surgery.
Heart Failure
Heart failure diagnosis was validated in patients with a history of pulmonary congestion, decompensated heart failure, or exertional dyspnea associated with a left ventricular ejection fraction on echocardiography <55% by the 2-dimensional method. 16 A decreased left ventricular ejection fraction in the absence of a clinical history of heart failure was not considered sufficient to affirm this diagnosis.
Statistical Methods
Each case was paired with ≤3 controls, individually matched for sex, age (±2 years), and systolic BP (±10 mm Hg). Conditional logistic regression (Wald test; P<0.05 considered significant) was used for matched analyses. Conformity to a linear gradient was graphically checked for continuous variables, and polynomial or logarithmic transformations were performed when necessary. Odds ratios (ORs) were calculated by conditional logistic regression, and interactions with sex and plasma potassium (< or ≥3.5 mmol/L) and plasma aldosterone concentrations (< or ≥ third quartile [780 pmol/L]) were systematically tested and considered significant if P<0.01. All statistical analyses were performed with Stata 9.2 (StataCorp, College Station, TX).
Results
Querying of the database identified 459 cases with PA and a control group of 1290 patients with EH.
Characteristics of the Patients at the First Visit
The baseline characteristics of the patients at their first hospital evaluation are shown in Table 1 . As a result of the matching process, age, sex, and systolic BP were similar between cases and controls. The PA cases had a longer duration of hypertension than EH controls, a higher prevalence of estimated glomerular filtration rate <60 mL/min per 1.73 m 2 , lower serum potassium and plasma active renin concentrations, higher plasma and urinary aldosterone concentrations, and a higher ARR than EH controls (P<0.001 for all comparisons).
Left Ventricular Hypertrophy
Patients with and without ECG data did not differ significantly in terms of age, sex, hypertension duration, BP, body mass index, or estimated glomerular filtration rate. Patients with and without echocardiography results did not differ significantly for these variables, but those with echocardiography results were more likely to have high Sokolow-Lyon and Cornell indices than patients without echocardiography results.
A comparison of electrocardiographic and echocardiographic LVH between patients with PA and matched controls is shown in Table S1 in the online-only Data Supplement. All indices revealed a higher prevalence of LVH in patients with PA than in matched EH controls. The OR was not significantly modified by adjustment for hypertension duration and did not differ between subgroups of PA patients defined on the basis of sex or serum potassium or plasma aldosterone concentrations (interaction tests not significant).
Cardiovascular Events
A history of AF, MI, coronary artery disease, or heart failure was more frequently found at first visit in patients with PA than in matched controls ( Table 2 ). These ORs were not significantly modified by adjustment for hypertension duration (as a continuous variable or dichotomized [< and ≥10 years], see Table 2 ) and did not differ between subgroups of PA patients defined on the basis of sex and serum potassium or plasma aldosterone concentrations (interaction tests not significant).
Discussion
This single-center study included a large number of contemporary, well-characterized PA patients and controls with EH properly matched for age, sex, and systolic BP. Despite secular trends toward improvements in the control of BP and other cardiovascular risk factors, this study showed, like previous investigations, that PA is associated with a higher prevalence of LVH and cardiovascular complications than EH, regardless of BP level and hypertension duration. Furthermore, no heterogeneity of effect was observed between subgroups of PA patients defined on the basis of serum potassium or plasma aldosterone concentrations.
PA and LVH
Structural and functional cardiac modifications in PA patients have recently been the subject of a systematic review. 20 The sample size of retrieved studies was limited (only 4 studies with >50 patients). In 14 of 18 studies, LVM was greater in PA patients compared with EH controls matched for age, sex, and BP. Our study confirmed on a much larger sample size, allowing multivariable adjustments and more precise estimates that, regardless of the criteria used, LVH is about twice as frequent in patients with PA as in otherwise similar patients with EH.
PA and Cardiovascular Complications
We found that the frequency of cardiovascular events was significantly higher in patients with PA than in properly matched controls with EH. This was the case for history of AF (adjusted OR, 5.0), nonfatal MI (adjusted OR, 2.6), coronary artery disease (OR, 1.9), and heart failure (adjusted OR, 2.9). PA has long been considered a benign form of hypertension associated with a low frequency of cardiovascular complications. 21, 22 However, cross-sectional studies have reported cardiovascular complications in 14% to 35% of patients with PA. [23] [24] [25] [26] These studies are summarized in Table 3 . 27 Despite the higher frequency of cardiovascular complications in patients with PA than in those with EH, the absolute prevalence and the difference from matched controls were smaller than those previously reported. For instance, our results differ from those previously observed-1997 to 1999 versus 2001 to 2006-in the same clinical environment. 4 Better control of hypertension and other cardiovascular risk factors in primary prevention or earlier referral to specialized hypertension clinics might explain this trend. These hypotheses are consistent with the 20 mm Hg lower mean BP (systolic and diastolic) observed in our study. They are also consistent with the secular trend observed in the general population over the past 10 years. 28 It is also possible that the level of some effect modifiers have changed in recent years. For instance, it is likely that lower dietary salt intake decreases the deleterious effects of aldosterone. [29] [30] [31] [32] The residual excess risk may be attributable to a direct effect of hyperaldosteronism on target organs or to unmeasured hemodynamic confounders, such as higher nighttime BP, although it has been reported that nighttime BP in patients with PA is not consistently higher than that in EH patients with similar daytime BP. 33, 34 Cardiovascular complications were not significantly more frequent in PA patients with low plasma potassium, suggesting that the higher frequency of cardiovascular complications in PA patients did not result from an indirect effect mediated by plasma potassium. Unlike previous studies, 23 we found that cardiovascular complications were not more frequent in PA patients with higher aldosterone levels, suggesting that aldosterone levels in PA patients are over a threshold above which there is no further increase in cardiovascular complications. However, our subgroup analyses have limited power because of the small number of events.
Aldosterone and Target Organ Damage
In addition to its effect on BP and serum potassium concentration, aldosterone (or mineralocorticoid receptor activation) has proinflammatory, prothrombotic, and profibrotic effects, contributing to target organ damage, as outlined in recent reviews. 3, [35] [36] [37] The mechanisms by which aldosterone exerts its deleterious effect are outside the scope of this clinical study but include chronic intravascular fluid retention, oxidative stress, endothelial dysfunction, inflammation, remodeling, hypertrophy, and fibrosis. 3, 35, 38, 39 These mechanisms lead to structural abnormalities, including an increase in arterial wall stiffness 40 and carotid intima-media thickness, 41 the formation of carotid plaques, 42 and myocardial fibrosis. 43 Many hypotheses have been proposed to explain the higher frequency of AF in PA patients: low potassium concentration per se, the increase in left atrial volume, the excess LVM secondary to both excess aldosterone and hypertension, myocardial fibrosis or ischemia, magnesium losses, and catecholamine potentiation. 44 Furthermore, the proarrhythmic properties of aldosterone may be mediated by an increase in sympathetic drive, a decrease in heart rate variability, a disturbance of baroreceptor function, blunted myocardial norepinephrine uptake, and changes in electrolyte homeostasis. 45 
Strengths and Weaknesses of the Study
This study is based on a large number of consecutive patients diagnosed with PA by standardized diagnostic procedures after the year 2000, for whom evaluation was conducted at a single hypertension referral center. PA and EH patients were individually matched for 3 potent cardiovascular risk factors (age, sex, and BP), and analyses were adjusted for an additional unbalanced risk factor (hypertension duration), ensuring valid comparisons.
However, some limitations of our study should be highlighted. First, our diagnostic criteria differ from those used in other centers, and this may impact the ORs observed in our study. However, the direction and magnitude of the effect are similar to those previously observed in other settings. Second, potential confounders may remain, despite this careful matching and further adjustments during analyses. Third, we did not look for an effect difference between unilateral and bilateral PA because our population could not be entirely subclassified.
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However, we did evaluate serum aldosterone and potassium as potential effect modifiers. Fourth, multiple comparisons increase the risk of P values being <0.05 because of chance alone. However, highly significant differences (P<0.001) may be considered reliable. Fifth, our study is retrospective with the limitations inherent to such studies, including missing data. Nevertheless, the computerized and structured data collection for clinical care resulted in there being <15% missing data for clinical variables, except for smoking status (30% missing data) and echocardiography (27% missing data) in patients with PA. Furthermore, the medical charts of all cases and controls for whom cardiovascular events were reported were systematically reviewed by one of the authors (S.S.). 
Perspectives
We show that patients with PA more frequently have LVH and are at higher risk of cardiovascular complications than matched EH controls. This finding is consistent with previous data suggesting that the higher risk of cardiovascular events associated with PA is at least partly independent of BP. Specific surgical and pharmacological treatments are available to decrease or counteract the excessively high aldosterone levels in this condition. It is, therefore, of prime importance to identify these patients early to prevent or reverse cardiovascular complications. Furthermore, target organ damage disproportionate to BP should be considered as an additional argument for suspecting PA in a given individual and possibly for broadening the scope of screening at the population level. 
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